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Summary. The morphology and morphogenesis of the hypotrich ciliate Urosoma macrostyla (Wrześniowski, 1866) Berger, 1999, collected 
from a puddle in Harbin, China, were investigated using live observation and protargol impregnation. Based on previous and present studies, 
an improved diagnosis of U. macrostyla is supplied. It differs from its congeners mainly by the body shape, no cortical granules and number 
of macronuclear nodules. The ontogenesis of U. macrostyla is typical for species with such a somatic ciliary pattern: the oral primordium 
develops hypoapokinetally and FVT-anlagen develop in 5-streaks and primary mode. However, a unique characteristic in morphogenetic 
process is reported: anlagen for both the left and right marginal cirri occur de novo to the right of the parental structure which has never been 
seen in other oxytrichids. This characteristic was considered an apomorphy (Berger 1999). This indicates that U. macrostyla possibly has 
a high phylogenetic position within the genus Urosoma, or perhaps it represents a distinct subgenus.
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inTRODuCTiOn
The hypotrich genus Urosoma was established by 
Kowalewski (1882). Many oxytrichids with a tapered 
posterior end were assigned to Urosoma due to the ar-
rangement of their frontoventral cirri in a row rather 
than a V-shaped pattern as in most other oxytrichids 
 
(Berger and Foissner 1997, Foissner et al. 2010, Li et 
al. 2010, Foissner and Stoeck 2011). Urosoma macro-
styla was originally reported by Wrześniowski (1866) 
under the name Oxytricha macrostyla. It was subse-
quently reported under different names (Kahl 1932, 
Dragesco 1972, Dragesco and Dragesco-Kernéis 1986, 
Berger 1999). Berger (1999) gave detailed review of U. 
macrostyla and concluded that this poorly known spe-
cies is valid. Recently, a population of U. macrostyla 
was collected from a puddle in Harbin, China, which 
provided the opportunity to perform a detailed study of 
its morphology and morphogenesis. 
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MATERiALS AnD METHODS
Samples were collected from a freshwater puddle in Harbin 
(45°9′N; 126°56′E), China on October 24, 2008 with the water tem-
perature 6°C and pH 6.9. Isolated specimens were cultured in Petri 
dishes with filtered water from the original sample site (Chen et 
al. 2011). Some rice grains were added to promote the growth of 
the flagellated protist Chilomonas paramaecium, the main food of 
Urosoma macrostyla. Subsequently, the freshwater was gradually 
substituted by Pringsheim solution in order to promote cell division. 
Cultures were kept at 20°C.
Living observation was carried out with bright field and differ-
ential interference contrast microscopy (Leica DMLB2, Germany) 
at a magnification of × 40–1250. Protargol impregnation (Shi and 
Frankel 1990) was applied to reveal the infraciliature. Counts and 
measurements of stained specimens were performed at a magnifi-
cation of × 1250. Drawings of impregnated specimens were con-
ducted with the help of a camera lucida (Chen et al. 2010, Shen et 
al. 2010, Vd’ačný et al. 2010). 
To illustrate the changes occurring during the morphogenesis, 
parental cirri are shown in contour whereas new cirri are shaded 
black (Shao et al. 2010, Song et al. 2011). Terminology is mainly 
according to Corliss (1979) and Foissner (1982, 1996). The term 
“Urosomoida pattern” means fragmentation of the dorsal kinety is 
lost and only one dorsalmarginal kinety is formed (e.g. Berger 1999: 
73). The term “Gonostomum pattern” means the paroral membrane 
is parallel to endoral and extends far beyond the anterior end of the 
endoral (e.g. Berger 1999: 62).
RESuLTS
Morphology of Harbin population of Urosoma mac-
rostyla (Wrześniowski, 1866) Berger, 1999 (Figs 1, 2, 
25–28; Table 1)
Cells size 180–300 × 30–60 μm in vivo. Body elon-
gated, highly flexible, anterior end rounded and pos-
terior region tail-like, tapered from the posterior 1/4 
of body length and often slightly curved to right (Fig. 
25). Dorsoventrally flattened about 2–3 : 1. Cytoplasm 
colourless, usually with several ring-shaped structures 
(8–10 μm across) scattered in cytoplasm (Figs 26–28). 
Single contractile vacuole, about 10 μm across, located 
slightly behind buccal vertex near left margin, without 
distinct collecting canals. No cortical granules have 
been observed. Resting cysts smooth and colourless, 
about 50 μm across in vivo.
Adoral zone of membranelles (AZM) about 1/5–1/4 
of body length, consisting of 33–49 membranelles. Un-
dulating membranes in Gonostomum pattern. Single 
buccal cirrus (BC) located directly on endoral mem-
brane (EM) when viewed from ventral aspect, right 
of paroral membrane (PM). Usually seven frontal and 
frontoventral cirri (FC + FVC), with cilia about 15 μm 
Table 1. Morphometric characterization of the Harbin population of Urosoma macrostyla. All data are based on protargol-impregnated 
specimens; measurements in μm. CV – coefficient of variation in %, Max – maximum, Min – minimum, N – number of specimens investi-
gated, SD – standard deviation, SE – standard error of the mean, TC –  transverse cirrus,  – arithmetic mean.
Characters Min Max  Median SD SE CV N
Body length 182 270 225.9 230 18.4 2.9 8.2 40
Body width 29 49 40.1 37 5.6 0.9 13.8 40
Length of adoral zone 50 66 58.6 57 3.9 0.6 6.5 40
No. of adoral membranelles 33 49 40.8 40 3.5 0.6 8.6 40
No. of frontal cirri 3 3 3.0 3 0 0 0 40
No. of frontoventral cirri 2 5 3.9 4 0.3 0 7.7 360
No. of postoral ventral cirri 2 3 2.9 3 0 0 5.0 40
No. of pretransverse ventral cirri 1 2 1.9 2 0.2 0 10.0 40
No. of transverse cirri 2 5 4.4 5 1.0 0.2 21.5 40
No. of caudal cirri 3 3 3.0 3 0 0 0 40
No. of left marginal cirri 25 58 42.2 46 8.9 1.4 20.9 40
No. of right marginal cirri 31 63 48.1 53 7.6 1.2 15.7 40
No. of dorsal kineties 4 4 4.0 4 0 0 0 40
No. of macronuclear nodules 2 3 2.1 2 0.2 0 7.8 40
No. of micronuclei 2 4 2.6 3 0.7 0.1 28.1 40
Distance between posterior end of 
cell and rearmost TC
16 39 26.5 24 4.8 0.7 18.3 50
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Divisional morphogenesis of Urosoma macrostyla 
(Figs 3–20, 34–49)
Oral primordia (OP). The first evidence of sto-
matogenesis during cell division is the appearance of 
a small patch of basal bodies, the opisthe’s OP, which 
is located below the old AZM and between the PVC 
and the LMR (Figs 3; 34, arrow). Later, a large field 
of basal bodies develops as an elongated patch (Figs 
4–6, 35, 36). Meanwhile, the undulating membranes 
anlage (UM-anlage) for the opisthe emerges as a small 
streak-like primordium at the upper right of the OP 
(Figs 5, 6). 
Later, the parental UMs begin to disorganize (Fig. 
8) and eventually develop into the proter’s UM-anlage. 
Subsequently, the OP develops by rapid prolifera-
tion of basal bodies which gradually differentiate into 
the new adoral membranelles and then bends to the 
right forming the AZM of opisthe (Figs 7, 8, 10, 37–41, 
44, 46, 48, 49). Throughout this process the parental 
AZM remains intact and becomes the AZM of the pro-
ter (Figs 10, 12, 14, 15, 17, 19, 43, 44, 48). 
Cirral streaks
The frontoventral transverse anlagen are formed to 
the right of the proximal end of the AZM as several 
fine streaks (Figs 4, 5; 36, 37, arrow). Then, with the 
proliferation of basal bodies, five primary primordia are 
formed each of which fragments in the middle to form 
two sets secondary anlagen, one for each divider (Figs 
6, 7, arrow; 39). It appears that no parental cirri contri-
bute to the formation of these streaks. 
The streaks then broaden, break apart and migrate to 
their final positions as distinct cirri (Figs 8, 10, 12, 14, 
15, 17, 19, 43, 44, 46). A total of 18 cirri will be formed, 
that is: the leftmost frontal cirrus derived from the UM-
anlage (Figs 10, arrows; 44); six frontal + frontoventral 
cirri which originate from cirral anlagen II (1), III (2), 
IV (1) and VI (2); a buccal cirrus formed from anlage 
II; five ventral cirri, i.e. three postoral ventral and two 
pretransverse ventral, that develop from anlagen IV (1), 
V (3) and VI (1); four/five transverse cirri that develop 
from anlagen II/III–VI, respectively. 
The number and the origin of frontoventral trans-
verse cirri formed during morphogenesis from left to 
right can be summarized as follows:
Cirral anlagen UMA (I) ІI III IV V VI
Number of cirri 1 3 3 3 4 4
Figs 1, 2. Urosoma macrostyla after protargol impregnation. Infra-
ciliature of ventral (1) and dorsal (2) side of the same specimen, 
arrowheads mark the pretransverse cirri and arrow points to the en-
doral membrane. AZM – adoral zone of membranelles, BC – buccal 
cirri, CC – caudal cirri, DK
1–4
 – dorsal kineties 1–4, FC – frontal 
cirri, FVC – frontoventral cirri, LMR – left marginal row, Ma – 
macronuclear nodules, Mi – micronuclei, PM – paroral membrane, 
PVC – postoral ventral cirri, RMR – right marginal row, TC – trans-
verse cirri. Scale bars: 50 μm. 
long in vivo; three postoral ventral cirri (PVC) in mid-
body below buccal vertex; two pretransverse ventral 
cirri (PTVC); usually four transverse cirri (TC) subcau-
dally located, arranged in J-shape row with cilia about 
12 μm long. Two marginal cirral rows, cilia of marginal 
cirri about 10 μm long in vivo; left marginal row (LMR) 
consisting of 25–58 cirri, right marginal row (RMR) 
31–63 cirri, both rows extending almost to posterior 
end of cell. Three caudal cirri (CC) dorsally located 
at posterior end of cell, cilia of CC about 8 μm long 
in vivo. Invariably four dorsal kineties including one 
dorsomarginal kinety (DK). Two macronuclear nodules 
(Ma), elongate to ellipsoid, about 18 × 10 μm in size, 
lying in mid-body, containing many large spherical nu-
cleoli; 2–4 micronuclei (Mi), ovoid to ellipsoid, adja-
cent to macronuclear nodules, about 7 × 5 μm in size.
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Figs 3–9. Early stages of morphogenesis in Urosoma macrostyla (after protargol impregnation). 3 – ventral view, showing the oral primor-
dium in the opisthe and the replication bands in the macronuclear nodules; 4 – ventral view, showing proliferation of the oral primordium; 
5 – showing the cirral streaks forming to the right of the old membranelles; 6 – ventral view of a slightly later divider, to show the left and 
right marginal anlagen (arrows); 7 – ventral view, to show the division of the primary primordia to form the secondary FVT-anlagen for 
both dividers (arrow); 8, 9 – ventral (8) and dorsal (9) view of the same specimen. Fig. 8 shows the five FVT-cirral anlagen, UM-anlagen 
and DKA
1
 in both dividers. Fig. 9 shows DKA
2,3
 in both dividers. CA – cirral anlagen, DKA – dorsal kinety anlagen, LMA – left marginal 
anlagen, Ma – macronuclear nodules, Mi – micronuclei, OP – oral primordium, RMA – right marginal anlagen, UMA – undulating mem-
branes anlagen. Scale bars: 50 μm. 
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Figs 10–16. Middle stages of morphogenesis in Urosoma macrostyla (after protargol impregnation). 10 – ventral view, showing the devel-
opment of the FVT-anlagen and dorsomarginal kineties anlagen (arrowheads) in both dividers. Note the first frontal cirrus develops from the 
anterior end of the undulating anlage in each divider (arrows); 11 – dorsal view, showing the DKA
1–3 
and the macronuclear nodules fused 
into a single mass; 12, 13 – ventral (12) and dorsal (13) view of the same specimen, Fig. 12 showing development of the dorsomarginal ki-
neties anlagen (arrowheads) and Fig. 13 showing DKA
1–3
 elongated in both dividers; 14 – ventral view, showing the dorsomarginal kineties 
anlagen (arrowheads); 15 – ventral view, showing the FVT cirri and the dorsalmarginal kineties forming in both dividers; 16 – dorsal view, 
showing the caudal cirri forming at the posterior ends of the dorsal kineties anlagen (arrows). DKA – dorsal kineties anlagen, DK
4
 – dorsal 
kinety 4, LMA – left marginal anlagen, LMR – left marginal row, Ma – macronuclear nodules, Mi – micronuclei, RMA – right marginal 
anlagen, RMR – right marginal row. Scale bars: 50 μm. 
Y. Qin et al. 168
Figs 17–20. Late stages of morphogenesis in Urosoma macrostyla (after protargol impregnation). 17, 18 – ventral (17) and dorsal (18) 
views of the same specimen, showing the elongated dorsalmarginal kineties anlagen; 19, 20 – ventral (19) and dorsal (20) view of a very 
late divider, showing all the cirri almost in their definite positions. CC – caudal cirri, DK
1–4
 – dorsal kineties 1–4, LMR – left marginal row, 
Ma – macronuclear nodules, Mi – micronuclei, RMR – right marginal row. Scale bars: 50 μm. 
Marginal rows. The left and right marginal cirral 
row anlagen (LMA, RMA) develop de novo to the right 
of the old structure soon after the appearance of the 
frontoventral transverse cirri anlagen (Figs 50–53, ar-
row), the RMA developing earlier than the LMA (Figs 
6, arrows; 7, 8; 37, 39, white arrow). All marginal cirral 
anlagen then enlarge and generate new cirri while the 
parental structures gradually disintegrate and disappear 
completely after the separation of the dividers (Figs 10, 
12, 14, 15, 17, 19, 44; 48, white arrows). 
Dorsal kineties. The development of the dorsal ki-
nety anlagen (DKA) commences in early dividers (Figs 
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Figs 21–24. Physiological reorganisation of Urosoma macrostyla (after protargol impregnation). 21, 22 – ventral (21) and dorsal (22) view 
of an early reorganizer, to show the formation of the oral primordium, cirral streaks and marginal anlagen; 23, 24 – a slightly later reorga-
nizer, to show the first frontal cirrus is cut off from the undulating membranes anlage (arrow). Note the enlarged oral primordium (arrow-
head). DKA – dorsal kineties anlagen, LMA – left marginal anlagen, Ma – macronuclear nodules, Mi – micronuclei, OP – oral primordium, 
UM – undulating membranes, RMA – right marginal anlagen. Scale bars: 50 μm.
9; 42, arrows). The ciliature develops according to 
type 2 of Foissner and Adam (1983), or the Urosomo-
ida-type according to Berger and Foissner (1997) and 
Berger (1999). That is, the new dorsal kineties 1–3 are 
produced at two levels, one for the proter and one for 
the opisthe, within parental rows 1–3 (Figs 9, 11, 13, 
16; 45, arrows). By contrast, row 4 is a dorsomarginal 
kinety the anlage for which originates close to the right 
anterior end of the right marginal row anlage in each 
divider (Figs 10, 12, 14, arrowheads). One caudal cirrus 
is formed at the posterior end of dorsal kineties 1, 2, and 
3, respectively (Fig. 16).
nuclear apparatus
The nuclear apparatus divides in the usual way for 
hypotrich ciliates. First, each macronuclear nodule 
forms a replication band (Figs 3, 4; 33, arrows). The 
nodules then begin to fuse with each other and eventu-
ally form a single structure (Figs 11, 47) which subse-
quently divides into two (Fig. 14). In the final stages, 
each macronuclear nodule divides again with the sepa-
ration of two daughter cells (Figs 15, 18).
Physiological regeneration (Figs 21–24)
Two stages of physiological regeneration were ob-
served and these indicated that the main process of the 
cortical development in reorganizers is basically simi-
lar to that in dividers, i.e. the formation of five FVT-cir-
ral streaks, the differentiation and segmentation of the 
FVT-anlagen in the pattern of: 1 : 3 : 3 : 3 : 4 : 4, and the 
de novo formation of the marginal rows anlagen where-
as the dorsal kineties anlagen are formed intrakinetally. 
During regeneration, however, the posterior part of the 
parental AZM is replaced whereas in dividing cells it 
remains intact.
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Figs 25–36. Photomicrographs of Urosoma macrostyla from living specimen (25–28) and after protargol impregnation (29–36). 25 – ventral 
view of a typical specimen; 26–28 – showing the ring-shaped structures; 29 – ventral view of the infraciliature; 30 – ventral view, showing 
frontal, frontoventral cirri (black arrow) and postoral ventral cirri (white arrows); 31 – ventral view, showing the pretransverse ventral cirri 
(white arrows) and transverse cirri (black arrow); 32 – dorsal view, showing four dorsal kineties; 33 – showing macronuclear replication 
bands (arrows); 34 – ventral view, showing the oral primordium (arrow) developing between the postoral ventral cirri and left marginal row; 
35 – ventral view, showing the proliferation of the oral primordium; 36 – ventral view, showing the cirral streaks developing to the right 
anterior of the oral primordium (arrow). Scale bars: 50 μm (25, 29, 32), 10 μm (26–28).
DiSCuSSiOn
Morphology
Urosoma macrostyla was originally reported un-
der the name Oxytricha macrostyla by Wrześniowski 
(1866). Kahl (1932) classified Urosoma as subgenus 
of Oxytricha. The correct name in Kahl’s (1932) revi-
sion is thus Oxytricha (Urosoma) macrostyla, that is, 
Oxytricha macrostyla was never formally transferred to 
Urosoma. A more detailed redescription of U. macro-
styla based on a population from Benin, West Africa, 
was given by Dragesco and Dragesco-Kernéis (1986). 
The nomenclature, taxonomy, morphology and ecology 
of U. macrostyla were comprehensively reviewed by 
Berger (1999).
The main differences between the Harbin popula-
tion of U. macrostyla and the European and Benin 
populations, along with other species of Urosoma, are 
shown in Table 2. The China population of U. macro-
styla closely resembles the Benin population, the main 
differences being the larger body length (180–300 μm 
vs. 130–170 μm in the Benin population) and the lower 
ratio of left: right marginal cirri (42.2 : 48.1 vs. 50 : 
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50 in the Benin population). We believe that these dif-
ferences are environment- or population-dependent and 
therefore not significant for species level separation. 
Since all other key characters, i.e. body shape and color, 
macronuclear features, morphometric data and biotope 
are all consistent with the original description and sub-
sequent redescriptions of U. macrostyla (Table 2), so 
the identity of the Harbin population is confirmed. 
In terms of its somatic ciliature, Urosoma emargi-
nata closely resembles U. macrostyla. Based on the 
data and diagrams of U. emarginata in Foissner (1982), 
however, the former, can be distinguished from the lat-
Figs 37–49. Early and middle stages of morphogenesis in Urosoma macrostyla (after protargol impregnation). 37 – ventral view, showing 
the cirral streaks (black arrow) and the right marginal anlage (white arrow); 38, 39 – ventral view of a slightly later divider, showing the 
left marginal anlage (white arrow); 40, 41 – ventral view, showing the cirral streaks in the frontal area; 42 – dorsal view, showing anlagen 
of DKA
2,3
 (arrows); 43 – ventral view; 44 – the same specimen as shown in Fig. 43, showing the cirral streaks in both dividers; 45 – dorsal 
view, showing the anlagen of DKA
2,3
 elongated in both dividers (arrows); 46 – ventral view, showing one frontal cirrus is separated from 
undulating membranes anlagen in the opisthe (arrow); 47 – dorsal view, showing macronuclear nodules fusing; 48 – ventral view, show-
ing the dorsalmarginal kineties anlagen originating close to the right anterior end of the RMR in each divider (arrows); 49 – ventral view, 
to show the infraciliature of a very later divider; 50–53 – ventral views of an early divider, to show the left marginal anlagen of the proter 
(arrow in 50) and opisthe (arrow in 53) and the right marginal anlagen of the proter (arrow in 51) and opisthe (arrow in 52). Scale bars: 
50 μm (38, 43, 46–48).
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ter by: (1) body shape (right margin distinctly emar-
ginated posteriorly vs. posterior end tail-like); (2) body 
size (73–140 vs. 120–270 μm); (3) the distance be-
tween the posterior end of the cell and the rearmost TC 
relative to the total cell length (6.25 vs. 11.7%), and; 
(4) the number of membranelles in the AZM (24–34 
vs. 33–49).
Morphogenesis 
Based on our observations, the most important mor-
phogenetic events during the process of cell division 
in Urosoma macrostyla can be summarized as follows: 
1.  The parental AZM is inherited intact by the proter.
2.  Five FVT-anlagen, together with the undulating 
membrane anlage, generate seven frontal and fron-
toventral, one buccal, five ventral (including three 
postoral ventral and two pretransverse ventral cirri) 
and five transverse cirri for each divider.
3.  The development of both the left and right marginal 
row anlagen occurs de novo to the right of the paren-
tal structure.
4.  The dorsal kinety anlagen develop in the 
“Urosomoida-mode”. 
5.  The three caudal cirri originate from the posterior 
ends of the left three dorsal kineties anlagen.
6.  The macronuclear nodules fuse into a single mass 
during morphogenesis.
The morphogenesis of Urosoma macrostyla has not 
previously been reported, although Foissner (1983) 
described morphogenesis in a species of Urosoma re-
ferred to as U. macrostyla. Subsequently, in the review 
of the oxytrichids, Berger (1999) corrected that the or-
ganism in Foissner (1982, 1983) was a population of 
U. emarginata. Morphogenesis has been investigated 
in two other congeners, namely U. gigantea (Berger 
and Foissner 1988) and U. emarginata (Foissner 1983). 
Compared with these two, U. macrostyla has a basi-
cally similar process of morphogenesis although it 
differs in the following respects: (1) the marginal an-
lagen develop de novo (vs. formed intrakinetally); (2) 
the macronuclear replication bands appear earlier in U. 
macrostyla and U. gigantea than in U. emarginata; (3) 
the oral primordium appears to the left of the postoral 
ventral cirri in U. macrostyla and U. emarginata (vs. 
below the postoral ventral cirri in U. gigantea).
It is noteworthy that morphogenesis in Urosoma 
macrostyla is unique among oxytrichids in that the left 
and right marginal anlagen are formed de novo, i.e. the 
parental marginal cirri do not join in the construction of 
the new anlagen. This phenomenon has been reported 
for a few urostylids, i.e. Thigmokeronopsis and Apoke-
ronopsis (Petz 1995, Berger 1999, Hu et al. 2004, Shao 
et al. 2007), for which it is considered an apomorphy 
(Berger 2006) but has never been found in oxytrichids. 
This indicates that U. macrostyla probably has a high 
phylogenetic position within the genus Urosoma and 
maybe represents a distinct subgenus.
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